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Introduction
First described by the German anatomist Hubert von 
Luschka in 1850, the sinuvertebral nerve has since acquired 
many other names including the recurrent nerve of Luschka, 
recurrent meningeal nerve, ramus meningeus, and meningeal 
branch of the spinal nerve. Luschka described the sinuver-
tebral nerve’s derivation from the spinal nerve and its con-
nection to the sympathetic nervous system. Furthermore, 
he indicated that there could be intersegmental anastomoses 
among its branches, but was unable to demonstrate them. His 
account was maintained for nearly a century until illustra-
tions by other scientists showed that the nerve’s distribution 
extended as far as the posterior anulus fibrosus [1-7].
It is debated whether the distribution of the sinuvertebral 
nerve is segmented at the level of the spinal nerve, or non-
segmented with branches extending both rostrally and cau-
dally within the spinal canal. Van Buskirk [8] described it as 
extending the length of the vertebral canal, with anastomos-
ing branches above and below it. Lazorthes et al. [9] chal-
lenged those findings, describing the nerve’s course as purely 
segmental.
Also important to many investigators was the information 
transmitted by the sinuvertebral nerve, and how its activity 
would manifest in clinical practice. Since the nerve is both 
somatic and autonomic, it has been investigated to determine 
whether it conveys discogenic pain via general visceral affer-
ents or somatic afferents. More recently, Cavanaugh et al. [10] 
attempted to answer this question by stimulating the posterior 
surface of the L5–L6 intervertebral disc in rabbits using elec-
trical and mechanical methods of neuronal excitation. After 
dissecting each grey ramus communicans, Cavanaugh et al. 
[10] established the general visceral afferents as the predomi-
nate pathway in lumbar discogenic pain. 
Some questions regarding the sinuvertebral nerve remain 
Review Article
https://doi.org/10.5115/acb.2019.52.2.128
pISSN 2093-3665   eISSN 2093-3673
Corresponding author: 
Joe Iwanaga
Seattle Science Foundation, 550 17th Ave, James Tower, Suite 600, Seattle, 
WA 98122, USA
Tel: +1-2067326500, Fax: +1-2067326599,  
E-mail: joei@seattlesciencefoundation.org
A comprehensive review of the sinuvertebral 
nerve with clinical applications
Brian Shayota1, T. L. Wong2, Donald Fru1, Glen David3, Joe Iwanaga2, Marios Loukas1, R. Shane Tubbs1,2
1Department of Anatomical Sciences, St. George’s University, St. George’s, Grenada, West Indies, 2Seattle Science Foundation, Seattle, WA, 3Swedish 
Neuroscience Institute, Swedish Medical Center, Seattle, WA, USA
Abstract: The anatomy and clinical significance of the sinuvertebral nerve is a topic of considerable interest among anatomists 
and clinicians, particularly its role in discogenic pain. It has required decades of research to appreciate its role, but not until 
recently could these studies be compiled to establish a more complete description of its clinical significance. The sinuvertebral 
nerve is a recurrent nerve that originates from the ventral ramus, re-entering the spinal canal via the intervertebral foramina 
to innervate multiple meningeal and non-meningeal structures. Its complex anatomy and relationship to discogenic pain have 
warranted great interest among clinical anatomists owing to its sympathetic contribution to the lumbar spine. Knowledge of the 
nerve has been used to design a variety of diagnostic and treatment procedures for chronic discogenic pain. This paper reviews 
the anatomy and clinical aspects of the sinuvertebral nerve.
Key words: Anatomy, Innervation, Pain, Spine, Meninges
Received January 14, 2019; Accepted February 12, 2019
Sinuvertebral nerve with clinical applications
https://doi.org/10.5115/acb.2019.52.2.128
Anat Cell Biol 2019;52:128-133 129
www.acbjournal.org
unanswered. For example, some investigators have dem-
onstrated that applying direct pressure on a diseased disc 
resulted in pain, while the same action on a normal disc 
was painless [11, 12]. Early in the debate, Li et al. [13] made 
the accurate suggestion that the diseased disc is sensitized 
by the growth of nerve fibers within its fissures. Shinohara 
[14] was the first to report nerve fibers within the deep lay-
ers of the anulus fibrosus in degenerated intervertebral discs. 
More recently, appreciation of the inflammatory response has 
helped explain those findings through various experiments 
demonstrating that exposure of the nucleus pulposus to the 
outer layers of the anulus fibrosus and neuronal tissue attracts 
inflammatory cells [15] and is therefore significant in the in-
duction of hyperalgesia [16].
Anatomy
According to anatomy textbooks [17, 18], the sinuver-
tebral nerve is formed by the union of a somatic root from 
the ventral ramus and an autonomic root provided by the 
grey ramus (Fig. 1). Among the cervical levels, the grey rami 
give rise to the autonomic roots to form the vertebral nerve, 
whereas the thoracic and lumbar levels receive somatic roots 
from the ventral rami and autonomic contributions from grey 
rami communicans of the sympathetic trunk. This mixture of 
somatosensory and sympathetic fibers has traditionally been 
portrayed as a single nerve, but more accurately it comprises a 
series of fine filaments of which one to four larger trunks can 
be evident [19].
The sinuvertebral nerve arises bilaterally from the ventral 
ramus of each spinal nerve just distal to the dorsal root gan-
glia, supplying both proprioceptive and nociceptive fibers. 
Upon separation from the ventral ramus, it travels medially 
for 2–3 mm to be joined by a branch from the grey ramus 
communicans [20]. This branch contributes sympathetic neu-
rons to the sinuvertebral nerve. The nerve then takes a recur-
rent course and re-enters the spinal canal through the inter-
vertebral foramen, more specifically through the osteofibrous 
foramen formed by the deep anterior intraforaminal ligament, 
just caudal to the pedicle. Although it passes through the in-
tervertebral foramen, it is unlikely to be compressed during 
disc herniation because it is located alongside the pedicle, cra-
nial to the corresponding disc [20]. At the point of entrance, 
the composite nerve is about 0.5–1.0 mm in diameter [21].
The pathway of the sinuvertebral nerve following its pas-
sage into the spinal canal has been a topic of much debate 
since the 1990s. Kojima’s experiments (1990) [5, 6] on rats 
concluded that the nerve divides into superficial and deep 
networks around the posterior longitudinal ligament. The 
deep network was said to be segmental, supplying sensation 
to the posterior anulus, while the superficial network was 
determined to be non-segmental with both ascending and 
descending branches passing through several levels. Kojima’s 
experiments showed that the superficial network comprises 
predominately sympathetic nerves while the deep network 
is primarily somatic. However, Nakamura et al. [22] showed 
that lumbar sympathectomy resulted in 90% loss of sensory 
innervation to the posterior anulus fibrosus, indicating that 
the nerve was largely sympathetic. 
Findings based on work by Imai et al. [23] using immuno-
reactive staining for tyrosine vasoactive intestinal polypeptide 
and substance P [24] demonstrated postganglionic sympa-
thetic fibers in the posterior longitudinal ligament [25]. Ad-
ditionally, work by Konttinen et al. [26] and Coppes et al. [24] 
using calcitonin gene-related peptide and substance P, showed 
the presence of nociceptive fibers in both superficial and deep 
divisions of the sinuvertebral nerve as it courses along the 
posterior longitudinal ligament. Moreover, tyrosine hydroxy-
lase immunoreactive staining responded only to the super-
ficial network, verifying Kojima’s [5, 6] and Nakamura’s [22] 
previous findings that the superficial network was primarily 
sympathetic.
Fig. 1. Sinuvertebral nerve (arrows) taking a recurrent course and re­
enters the spinal canal through the intervertebral foramen.
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The next innovation in the investigation of the sinuverte-
bral nerve involved the use of retrograde transport markers 
cholera toxin B and horseradish peroxidase crystals by Mori-
naga et al. [27]. In Morinaga et al.’s experiment, the two mark-
ers were injected into the anterior L5–L6 intervertebral discs 
of rats followed by histological examination of the dorsal root 
ganglia. Surprisingly, labeled neurons appeared to be restrict-
ed to the L1–L2 level [27]. On this basis it was hypothesized 
that the nociceptive fibers passed through the sympathetic 
trunk from L5–L6 to L1–L2, an inference later supported by 
Sekiguchi et al.’s demonstration [28] of increased pain thresh-
old following sympathectomy. However, this did not help to 
explain the sinuvertebral nerve’s role in discogenic pain, as 
it was widely accepted that sympathetic nerves directly from 
the sympathetic trunk only innervated the anterior anulus 
fibrosis. A similar experiment by Cavanaugh et al. [10] on the 
posterior aspect of the anulus verified a clear nociceptive as-
cending track along sympathetic afferents from lower lumbar 
levels.
The sinuvertebral nerve also innervates a number of ad-
ditional structures, one being the anterior portion of the dura 
mater within the spinal canal. Each sinuvertebral nerve sends 
a long descending meningeal branch that extends two seg-
ments caudally and a shorter ascending branch that traverses 
as far as one rostral segment. The plexus formed by the anas-
tomoses of these branches covers the ventral surface of the 
dura mater and extends to the lateral aspects, but never reach-
es the dorsal surface, which remains devoid of nerve supply. 
The three most rostral sinuvertebral nerves ascend through 
the foramen magnum, at which point they innervate the dura 
mater covering the clivus within the posterior cranial fossa. 
The sympathetic fibers carried in the sinuvertebral nerve 
are thought to innervate much of the surrounding vascu-
lature, including the vessels that supply blood to the outer 
anulus, end plates, vertebral bodies, and marrow. It has been 
speculated that these fibers are primarily involved in vasomo-
tor regulation, although some have been found to travel distal 
to the blood vessel, suggesting an additional undetermined 
function [29].
Finally, sinuvertebral nerves have also been found to ter-
minate in the periosteum of the vertebrae as well as the liga-
ments of the zygapophyseal and median atlanto-axial joints. 
The sinuvertebral nerve does not supply sensation to the facet 
joint, another common source of chronic back pain said to be 
mediated primarily by the medial branch of the posterior ra-
mus [30]. Despite the different etiology, facet joint and disco-
genic pain cannot be distinguished clinically without specific 
diagnostic procedures [31]. The sinuvertebral nerve’s sensory 
supply to the median atlanto-axial joint has been questioned 
recently as a potential cause of chronic headaches [32, 33]. 
While osteoarthritis of the median atlanto-axial joint can be 
detected, it has not yet been associated with headache. Ad-
ditionally, no techniques have yet been developed to distin-
guish between symptomatic and asymptomatic osteoarthritic 
changes to the median atlanto-axial joint.
Discogenic Pain
Low back pain is a common disability among the general 
population. It is said to cost about $24 billion annually in the 
United States and is the leading cause of compensated injury 
in the workplace. An estimated 84% of the general popula-
tion is expected to experience low back pain at least once in 
their lives. There are multiple potential sources of chronic low 
back pain, most often divided into facet-mediated, fracture, 
and discogenic pain. The sinuvertebral nerve, associated with 
the discogenic type (pain from an injured vertebral disc), ac-
counts for approximately 26%–39% of patients with low back 
pain [34, 35]. This pain travels through the rami communi-
cantes down to L2 where it joins the sympathetic ganglion 
and then travels to the skin at lower levels.
Although the sinuvertebral nerve fibers are said to termi-
nate in the outer anulus, it is now widely accepted that this 
end point is not permanent. Studies of healthy patients nor-
mally show neural penetration of the anulus at about 3 mm 
[36], corresponding to the three outer lamellae [37]. However, 
degenerative discs have shown penetration of nerve fibers 
as far as the inner one third in one study [38], and into the 
nucleus pulposus in another [39]. Earlier studies focused on 
the findings of the herniated nucleus pulposus and the sinu-
vertebral nerve fibers. Various studies have demonstrated that 
upon contact with the nucleus pulposus, nerve fibers showed 
reduced spinal nerve root conduction velocities, induced 
nerve degeneration[40], increased nerve discharge [40], in-
creased intraneural capillary permeability [16], and attraction 
of inflammatory cells [41].
Additional research has detected nerve fibers extending 
through tears within the anulus of degenerative discs via vas-
cularized granulation tissue [26, 39], which are thought to be 
the pathoanatomical reason for low back pain in patients with 
degenerative disc disease. Moreover, nerve fibers within the 
endplates of degenerative discs are denser than the discs of 
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healthy persons [42]. Investigators have proposed the release 
of neurogenic factors from the neurotrophin family within 
the degenerative disc. Purmessur et al. [43] supported this 
notion by showing an increase in neurotrophins in patients 
suffering from discogenic pain. Furthermore, Kokubo et al. 
[44] found that increased expression of nerve growth factor, a 
neurotrophin, was associated with hyperinnervation of inter-
vertebral discs. It has also been speculated that brain-derived 
neurotrophic factor is implicated in the hypersensitization 
experienced in discogenic pain [43, 45]. Occasionally, leakage 
of inflammatory cytokines produced in annular tears into the 
epidural space can injure adjacent nerves, leading to radicular 
pain down the lower limb in the absence of disc herniation 
[46].
However, discogenic pain is not limited to the lower back. 
Overactivation of the C1–C3 sinuvertebral nerves is now 
considered the cause of most cervicogenic headaches. Cervi-
cogenic headaches, once called occipital neuralgia, were first 
described by Sjaastad et al. [47] as recurrent, long lasting, 
severe unilateral headaches arising from the neck. Typically, 
the C2–C3 and C3–C4 intervertebral discs are implicated 
in cervicogenic headaches, no disc below C4–C5 resulting 
in referred pain to the head [48]. Nonetheless, research on 
headaches associated with sinuvertebral nerve stimulation is 
currently weak and more investigation is needed before a de-
finitive relationship can be established.
Diagnostic and Treatment Procedures
Several diagnostic and treatment procedures have been 
developed to manage the pathological effects of the sinuver-
tebral nerve. Provocative discography is the gold standard for 
back pain related to intervertebral disc pathology. The proce-
dure involves the injection of contrast medium into the disc 
with concomitant assessment of the patient’s pain response. 
If a particular disc is painful, then stressing it should repro-
duce the patient's usual pain. If the disc is not the source of a 
patient's pain, then stressing it should either not be painful or 
produce pain to which the patient is not accustomed. Thus, 
patients who suffer from severe back or neck pain of un-
known etiology are often recommended for provocation dis-
cography. If the intervertebral disc is implicated, the excessive 
pain felt during injection is transmitted via the sinuvertebral 
nerve. Discography has proved significantly more effective 
for diagnosing degenerative disc disease than magnetic reso-
nance imaging [49]. Through various methods of blocking 
the sinuvertebral nerve, clinicians have been able to reduce 
chronic pain in some patients with degenerative disc disease. 
Analgesic discography is one such technique. An anesthetic 
(4% xylocaine or 0.75% bupivacaine) is injected into the disc 
to relieve pain by blocking sinuvertebral nerve conduction 
[50]. Another method is intradiscal electrothermal annulo-
plasty (IDET), where a catheter is inserted into the affected 
disc and a wire heated to 90°C seals ruptures in the anulus 
while burning nerve fibers. In a 1-year pilot study by Derby 
et al. [51], 62.5% of patients had a favorable outcome follow-
ing IDET. Another technique is transforaminal epiduroscopic 
laser ablation (TELA) of the sinuvertebral nerve. Patients 
with Pfirrmann disc degeneration grade IV were treated with 
TELA (targeting the sinuvertebral nerve), and their outcome 
was measured using the visual analog scale (VAS), Macnab 
criteria, and the Oswestry Disability Index (ODI). The results 
showed a significant decrease in VAS and ODI, and a 96.1% 
good to excellent outcome according to Macnab criteria [52].
Finally, there has been some success with radiofrequency 
neurotomy/ablation of the nerve. This procedure involves 
using energy within a certain radiofrequency range to cause 
selective necrosis of specific nerves to relieve pain. It entails 
risks such as infection, hematoma formation, burns, and neu-
ral injury including cutaneous hypoesthesia, but it is simple 
and can be performed as an outpatient procedure with patient 
discharge just hours afterward. 
Cervicogenic headaches, like low back pain, can be diag-
nosed by provocative discography [53]. Radiofrequency neu-
rotomy of the C3–C4 nerve root outer layers, including the 
sympathetic nerve fibers of the sympathetic trunk, has been 
reported to have considerable success in reducing the inten-
sity and frequency of cervicogenic pain [54].
Conclusion
Recent studies have shown that the sinuvertebral nerve 
can be traced as far as the outer three layers of the lamella 
in healthy patients, but can go as far as the nucleus pulposus 
in degenerative discs. The nerve has also been implicated 
in discogenic pain. Yet only recently has its role been exten-
sively studied, providing opportunities for the development 
of newer diagnostic and treatment techniques to combat the 
debilitating consequences of its pathology. Provocative dis-
cography is still the gold standard for diagnosing discogenic 
pain. While these procedures have proved advantageous in 
discogenic pain management, much more work needs to be 
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done to improve their accuracy and efficacy. The sinuverte-
bral nerve has also been linked to cervicogenic headaches, 
but more research is needed to clarify its involvement in this 
condition.
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